This research was prom pted by the variety of opinions on the subject of th e histology, anatom y, and physiology of the intra-ocular muscles.
This research was prom pted by the variety of opinions on the subject of th e histology, anatom y, and physiology of the intra-ocular muscles. O wing to th e wide range of th e subject I have been obliged to re stric t m yself alm ost entirely to the action of these muscles in mammals.
M ost of th e experim ents have been on rabbits, dogs, or cats, and num erous observations, especially on the histology and action of th e ciliary muscle, have been on hum an eyes. The anim als experim ented on have always been com pletely anaesthetised.
The subject.has been divided into three chief p a rts-I. T he anatom y and h isto lo g y ; II. The physiology; I I I . The action of cocaine, atropine and eserine, both singly and in com bina tion.
I. T he anatom y of th e in tra-o cu lar muscles has been considered as to (1) th e m u scu lar tissue, ( 2) the nerves, (3) th e vessels.
(1.) The m uscular tissue.
A.
The Iris consists of a sphincter muscle. This muscle in m am m als is suspended to the ciliary border by a pos terio r lim itin g m em brane of elastic tissue. I have found no developed dilator muscle extending from the pupillary to the ciliary border except in rabbits, and in these anim als i t is very thin. K oganei says in the o tter, however, i t is well developed.
A ny m uscular fibres found aire in th e strom a of th e iris in fro n t of the posterior lim itin g m em brane.
B. The ciliary muscle consists of u n strip ed muscle in m am m als attached b y a tendon to the sclero-corneal junction, and its fibres interlace by bundles in every direction, th e m ost developed being the radial and circu lar fibres, and the position of th e ciliary body determ ines th e preponderance of so-called radial and circular fibres. The au th o r is inclined to th in k from the g re at variety in length and developm ent of the longitudinal fibres th a t they are chiefly attach m ents of the muscle to the elastic tissue of th e choroid, and m ay thus correspond to th e so-called radial fibres of the iris when they exist.
( 2.) The nerves proceeding to the intra-ocular muscles are branches of (a ) th e th ird , (/3) th e nasal branch of th e ophthalm ic, an d (7) th e sym pathetic. at. T he nerve to th e inferior oblique m uscle from th e th ird nerve gen erally gives off th e branch to th e ophthalm ic ganglion, and from th is are given off th e sh o rt ciliary n erv es proceeding to a plexus in th e ciliary m uscle.
jS. T h e n asal nerve gives off gen erally ab o u t fo u r long ciliary branches, w hich sn rro u n d th e optic nerve, piercing th e sclerotic and going to th e plexus before m entioned.
T he nasal also gives off fa rth e r fo rw ard th e long b ra n ch to th e ophthalm ic ganglion.
7 . T he sym p ath etic or so-called m y d riatic nerve of th e eye receives from th e low er cervical and u p p er dorsal p a r t of th e spinal cord fibres generally by th e second dorsal nerve. F ro m th e second dorsal th e y pass to th e su p erior thoracic ganglion of the sym pathetic and by th e a n n a lu s V ieussenii to th e inferior cervical ganglion, th e n along th e cervical sym p ath etic to th e superior cervical ganglion, and th ro u g h th e caro tid canal to th e G asserian ganglion. F ro m here th ey pass by th e nasal b ranch of th e op h th alm ic th ro u g h th e long ciliary nerves to th e plexus before described.
T his plexus situ ated in th e ciliary m uscle, a n d co n tain in g ganglion cells, receives fibres from all th re e n e rv e s ; from th e plexus are given off branches to th e iris and ciliary m uscle.
(3.) A. T he a rte rie s of th e iris com e from th e ciliary b ranches of th e ophthalm ic, a n d are arra n g e d a t th e ciliary b o rder as th e circulus arterio sus irid is m ajor, a n d from th is are given off ra d ia l branches proceeding to w ard s th e sphincter, a n d form ing th e circulus arterio su s m inor, w h ich gives b ranches to th e sp h in cter. T he veins accom pany th e arteries.
J3. The arteries of th e ciliary body com e from th e long an d an terio r ciliary a n d fo rm a n anastom osis behind th e circle for th e iris. I I . T he physiological action of th e in tra-o c u lar m uscles m ay also be classified u n d e r th e headings of ( 1) th e m u scu lar tissue, ( 2) th e nerves, an d (3) th e vessels.
(1.) A. P u p il.-D irect stim ulation of th e sphincter pupillae gives rise to m yosis in th e n o rm al eye ; this also ta k e s place in th e bloodless an d th e exsected eye, an d therefore a fte r section of th e various nerves an d vessels.
On th e iris c u t o u t of th e eye faradaic stim ulation near th e p u p illary bo rd er gives rise to co n tractio n of th e pupil.
(2.) A. T he nerves supplying th e iris are a, th e t h i r d ; /3, th e sym p a th etic or m y d riatic ; 7, th e trigem inus.
at. (1.) S tim u latio n of th ird nerve or sh o rt ciliary nerves is followed by myosis.
( 2.) Section of th ird nerve o r sh o rt ciliary nerves gives rise to
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p artia l dilatation of th e iris, and the pupil is inactive to lig h t or accommodation. ft. Stim ulation of th e p a th tak en by the m ydriatic nerve, as described in the anatom ical division, gives rise to m ydriasis. Sec tion of the nerve in any p a rt of its course is followed by contrac tion of the pupil, b u t never excessive; the myosis is increased a little the higher up and th e n ea rer the eyeball the section is made, and th is is due to th e tonic action of th e ganglia.
The m ydriatic fibres accom panying th e sym pathetic therefore find th e ir w ay by th e long ciliary nerves to th e eyeball; this may, as th e re st of th e ir course, be proved by division of them all, when irritation of th e cervical sym pathetic gives rise to no alteration in th e pupil.
I found on stim u latin g a single long ciliary nerve th at, if the pupil was d ilated to s ta rt w ith, general increase in the m ydriasis occurred. If, however, th e pupil w ere p artia lly contracted by pilocarpin only half th e pupil responded, and if the pupil were m ore contracted only one-quarter dilated.
In birds stim ulation of th e cervical sym pathetic has no effect on th e pupil.
D ual N ature.-T he cervical sym pathetic containing vaso-constrictor nerves for th e head an d neck, it is necessary to show th a t the dilata tio n of th e p u p il is n o t a purely vascular act. This is show n by-1. B leeding an anim al to death, and then on exciting the cervical sym pathetic several tim es to tal m ydriasis still occurs.
2. M ydriasis on stim ulation of th e cervical sym pathetic precedes the contraction of th e carotid vessels.
3. The m axim um d ilatation is reached before th e carotid vessels are com pletely constricted.
4. T he carotid vessels are constricted w hen the pupil begins to co n tract again.
5. The p upil is d ilated a sh o rt tim e, while the carotid vessels are constricted for a longer tim e.
6 . The p u pil is again constricted before com pletion of relaxation of th e vessels.
7 . Section of th e trigem inus in fro n t or behind the G asserian ganglion gives rise to myosis w hich soon passes off.
S tim ulation of th e trigem inus generally gives rise to myosis, which is probably reflex, as on section of the th ird nerve, I obtained an increase to th e m ydriasis by stim u latin g it, as also F r. F ran c k has done.
B alogh and others also attrib u te a m ydriatic function to the trigem inus.
(2.) B. The nerves supplying the ciliary muscle are the («) th ird and (ft) th e long ciliary branches of the nasal.
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(2.) Section of th e th ird nerve gives rise to relax atio n of th e ciliary m uscle. /3. W hen th e ciliary m uscle is n o t com pletely relaxed stim ulation of th e long ciliary nerves gives rise to relax atio n of th e m uscle, an d in consequence paresis o r paralysis of. accom m odation.
S tim u latio n of th e tra c k followed by th e cervical sym pathetic in th e n eck gives rise to no a lte ra tio n in th e ciliary m uscle, observed b y th e im ages on th e an terio r surface of th e lens seen th ro u g h th e phakoscope, th ere fo re th e fibres to th e ciliary m uscle along th e long ciliary nerves m u st come from an o th e r source, an d th is I have little d o u b t is th e fifth, b u t h ere as w ith th e pupil th e difficulty is to p re v e n t th e reflex along th e th ird nerve.
(3.) O n section of th e cervical sy m p ath etic th e arte ries of th e iris are dilated.
On irrita tio n of th e cervical sy m p ath etic th e arteries of th e eye are contracted.
On section of th e trig em in u s th e re is also dilatatio n of th e blood vessels of th e iris an d ciliary body according to R ogow .
T he sep aratio n of p u rely m y d riatic fibres of th e cervical sym pa th e tic from th e vaso-constrictor h as been already proved.
T h e fact of ta p p in g th e a n te rio r cham ber of a norm al or atropinised eye being followed by myosis, is p ro b ab ly due to relaxation of ten sio n overfilling th e arte ries of th e iris, as proved by an experim ent cited.
I n an anim al bled to d e a th th e p u p il co n tra cts on faradaising th e th ird nerve o r its bran ches : th e pupil also dilates on stim u latin g th e cervical sym pathetic.
Ciliary Muscle.-In th e bloodless eye accom m odation has been seen to tak e place by stim u latin g th e th ird nerve. I I I . T he d ru g s selected fo r th e follow ing experim ents were cocaine atropine, an d eserine, an d th e re su lts are appended in th e above order.
Cocaine. A . On the P u p il.-1. Cocainised p u p il is of larg e size, actin g to lig h t an d accom m odation.
2. C ut th ird nerve, add cocaine and g e t increased m ydriasis. 3. Cocainised p u p il n o t increased by section of th ird nerve, b u t no lon g er acts to lig h t an d accom m odation.
4. S tim u latio n of th ird nerve induces m yosis in th e pupil u n d er cocaine.
5. S tim u latio n of sp h in c te r pupil]te easily overcom es th e cocaine m ydriasis.
6. On th e exsected eye cocaine induces m ydriasis. 7. On th e eyes of anim als bled to death, cocaine increases th e m y d riasis due to haemorrhage.
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8. On cocaine m ydriasis section of th e cervical sym pathetic had no effect.
9. In cases of ad m axim um cocaine m ydriasis, stim ulation of the cervical sym pathetic had no effect.
10. In cases of section for some tim e of cervical sym pathetic cocaine has no effect on th e pupil.
11. On tap p in g th e an terio r cham ber of an eye un d er cocaine there is very little and often no constriction of the pupil.
From th ese d ata we m ay conclude th a t cocaine acts on th e endings of th e cervical sym pathetic nerve in th e eye.
B. On the Ciliary Muscle.-Cocaine on the ciliary m uscle prod relaxation an d paresis, or in some cases paralysis of accommodation, and it is reasonable to suppose from analogy th a t i t acts here on the endings of th e fifth nerve to th e m uscle.
A tropine. A. On the P u p il.-1. A tropine produces, in m am m als, m ydriasis n o t ac tin g to lig h t and accom m odation.
2. I t has no effect on th e pupils of birds. 3. I t only produces a p a rtia l m ydriasis in rabbits. 4. I t increases th e m ydriasis produced by section of th e th ird nerve, o r the sh o rt ciliary nerves.
5. S tim u latio n of th e th ird nerve has no effect on an atropinised pupil. 6 . The myosis due to section of th e cervical sym pathetic is over com e an d m ydriasis produced by a tro p in e ; this seen even a fte r section fo r th re e m onths in a rabbit.
7. Section of th e cervical sym pathetic dim inishes slig h tly atropine m ydriasis.
8 . S tim u latio n of th e cervical sym pathetic increases atropine m ydriasis. 9. A tropine dilates th e pupil a fte r excision of th e superior cervical ganglion.
10. A tropine m ydriasis increased by stim ulating one or m ore of the long ciliary nerves.
11. A tropine m ydriasis increased by faradaising th e periphery of th e cornea.
12. A tropine m ydriasis dim inished som ew hat by c u ttin g the trigem inus.
13. Section of th e trigem inus and atropine subsequently p u t in the eye produced m ydriasis.
14. Section of th e trigem inus and th e th ird nerve, and instillation of atropine followed by m ydriasis.
15. In an ordinary atropine m ydriasis d irect electrical stim ulation of th e sphincter produces myosis, b u t if the pupil be com pletely under atrop in e stim ulation of th e sphincter has no effect.
16. Czermak c u t aw ay th e cornea, le ttin g out th e contents of th e a n te rio r cham ber, an d on adding atropine produced m ydriasis. 17. Tapping th e an te rio r cham ber of a n eye u n d er atropine pro duces contraction of th e pupil.
18. On exsected eye atropine produces m ydriasis. 19. On th e eye of an anim al bled to death, atropine dilates th e pupil.
20. A tropine also dilates th e pupil a fte r death. B. On the C iliary Muscle.-On th e ciliary m uscle atropine pro duces relaxation, and if used for a long tim e com plete p araly sis.' F rom th e above experim ents on atropine, and th e fact th a t else w here atropine paralyses th e u n strip ed m uscular tissu e of th e body, it m ay be assum ed th a t it acts so on th e in tra-o c u lar muscles.
T he effect of section of th e cervical sym pathetic and trigem inus, p rev en tin g extrem e atropine m ydriasis, m ay be explained by th e ir effect on th e blood-vessels p roducing turgescence of th e iris, and therefore actin g ag ain st th e elastic recoil of th e sphincter.
Eserine. A. On the P u p il.-1. E serine on th e p u p il induces myosis.
2. I t co n tracts th e pupil of an anim al afte r section of th e th ird nerve or sh o rt ciliary nerves.
3. In full eserine m yosis faradaic excitation of th e th ird nerve does n o t increase th e contraction of th e pupil.
4. Section of th e fifth nerve in fro n t of th e G asserian ganglion, and on p u ttin g eserine in to th e eye th e pupil co n tracts as usual.
5. F aradaic stim u latio n of th e cervical sym pathetic overcomes eserine myosis if p artial, b u t if com plete i t has no effect.
6. C ut cervical sym pathetic in the neck an d eserine still induces myosis, even afte r th e section has been made th re e m onths.
7. F o r an anim al bled to death I have seen eserine induce myosis. B. On the Ciliary Muscle.-E serine produces contraction of th e ciliary muscle, giving rise to spasm of accom m odation.
In cases of palsy of th e th ird nerve eserine induces contraction of th e ciliary muscle.
The action of eserine on th e in tra-o cu lar m uscles can be explained by its stim u latin g d irectly th e m uscular tissue.
T he antagonism of atropine, eserine, and cocaine is n ext discussed, an d found to agree w ith th e action a ttrib u te d to each alkaloid.
Conclusion.-F rom consideration of th e foregoing experim ents and observations th e w riter describes th e intra-ocular m uscular system as consisting of tw o circu lar muscles, th e pupillary and ciliary. These are supplied, th e first by th ree nerves, th e th ird , th e cervical sym pa thetic, and th e fifth, and th e second by th e th ird nerve and the fifth.
The muscles are capable of extrem e relaxation and contraction, owing to the elastic supports th ey have.
Section of a nerve producing contraction does n o t give rise to com plete contraction of th e muscle, nor does section of a nerve producing relaxation have as a sequel com plete relaxation.
T he state of th e m uscle after section of its nerves is th a t of " tonus."
A tropine by actin g directly on the unstriped m uscular tissue, and paralysing it, can produce a g re a te r dilatation th an m ere section of th e th ird nerve, and so also on section of th e th ird nerve eserine directly stim u latin g th e m u scu lar fibre gives rise to extrem e contraction.
The intra-ocular muscles therefore have a sim ilar anatomical, histo logical, and physiological action, and they also are associated together d u rin g th e act of accommodation. The pupil contracts on accommo dating, and dilates on relaxation of the ciliary m u scle; the form er action is by m eans of th e th ird as m otor nerve of th e pupillary and ciliary muscles, and th e la tte r is th ro u g h the long ciliary nerves from th e nasal branch of th e fifth.
T he ordinary lig h t reflex of th e pupil takes place by the third, as th e m otor nerve, and th e cervical sym pathetic as the inh ib ito ry nerve giving rise to d ilatation of th e pupil. The tw o chief actions of the pup illary muscle are th u s divided off from one another in mammals. I n birds possessing vo lu ntary control over th e ir irides this is not so, and th e cervical sym pathetic has no power over the pupil, the nerve producing dilatation of th e pupil being th e trigem inus. T he endeavour of th e au th o r in this com m unication has been to show th e place of origin of uric acid in the anim al body, and to ascertain w hich of th e two hypotheses on the subject is correct, viz., w hether uric acid is first present in th e blood and then secreted from th e blood by th e kidneys, or w hether it is formed by th e kidneys them selves. To enable him to satisfactorily prosecute m any of his observations, th e au th o r has devised a new m ethod for discovering the presence of u ric acid in very m inute quantities of blood.
T he results of his investigations are embodied in the form of th e nine following propositions :-
Prop.
I . --Uric acid is secreted by the kidneys as ammonium ura and in the case of birds and reptiles, whose urine is semi-solid, it is found in a definite physical form, more in th e vitreous condition than in the tru ly crystalline shape. Prop. I I .-U ric acid, w hen present in the blood, is found under the
